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receptor family that f"£f*"2k« itndtot on the tran- 

Adrener*.^*^ 
response to external ^.^—"Z^ iUCn u cardiac and 

Into tevaial subtype. 7^™!™^^ xilofthe member, 
logical and ^r^^^S^mmM by intronles. 
oUoTaR family df^^^^MS) AR« •»» 

probe. Mor«^-- - ----^ chalB ^.on jS^JSSbm of the ^T^S'SSSv 

axon 1/exon 2 ^J^iTS-^Sd DNA prepared ^^^tain introna, Gene. ««f^'^,^a^ 
product «ei»i»ted^rrom»ln»^tt"»^ ^ M . human tachykinin receptor. M »>. 

introns at variow ^^J",^ wbtypea, bow- 
regions. The genonuc -Pjg" J ^ be^e^ctoning 
e£r, hat not been er*ractorizeA We I ^jg: lBUm / tvm 

by other a,-AR wbtype^ it «nay »^ { ^ G . 

dirtinct aubgroup among AR» end other mem 
protein-coupled receptor family. 



guanine j$fi£Xm««*i »■«• *? 

iuparfamUy. Tbegeneejror ^mta^ and the 

.rTlatroaleaa. We «^2^ fo ^ SEEi mr-AR. 

.tor, rat, and dog °'»- ™ ^JuVenllclng together 
P^rin, . MaJon £ M HanUy ^ COS- 

„on land won 2*« !^SonSr^uct reaulted In 
1 cells- The tranafeeted gene j** 00 *^ bllldlng c har- 
the production of an ais-AR ™" of the n- 

^^^*^X^Z^t ^ buman 
preaaed hamater «». ^iS^S^^^ " 
a,.-AR go«o w« ^£ l 2^ a £kUobaee> tranecripta 

-ajj-isim^^ 



the ana. 

from numa» a— »» TIlLTa^. . transcript In which 
cleoUde aaquanae ^^^V-fUnSreg»on (924 
.xon 1 taaP^tf«^. a -JJ^^e^.TATAbox 

-^^SPSUfSl uSSSc "content (70%) and 
nor • CAAT box but la ^^^ {ac boxes), coneiat- 
eortain. eeveral Sp 1 ^,^^ h^keeplng genae. 
ant with P ron, *!™*£^eto wmtalna » putatlw 
The R'-untranelated region M^exte^onatudle. 
„cllc AMP respond element. £J"££f£SflUw are 
«d RNaaa P»^«SS^2a^ta^ moat tk> 
awm.1 ^^S^S^SSi f 7 lTbp upatream 
•ueawltha predomlimnt aiu kwh«o ( region 

from the traa. Mlo" ''S^SSSSm aigmU (ATT AAA) 
49a bp downatraam from »e ajP«" A ^ Urge 
organUatlon of the ta^^^ffi^rrom thoae 
gSWgg latfS^gn* andj^- 



if other Aiw — ~ 

Uienu NSI9683 ^ °*^ th V^Snt of W charge. Th» 
ankle -ere defrayed mi part ^ ™£^ advert £Z e nt'- In eccord- 

•nee with 18 U8.C. '"^^ (hii ha, .ubmitted 

KoH«tta4Wl.T.l: 210 444-9261 



EXPERIMENTAL PROCEDURES 
roomie Hbrory Sc^^-Two di^nt hu^ ^1 

DNA 

ie. were Kramd. On. w« * ^JSS wTTpartW&aaAl- 
libnry conrtrocted ir. f^f'.^^^A. Both llbiane. were 

tcreened with ^ r ~*^~ V; 5> oii«onucl*otidei were iyntheib»d 
Dubliihed huntter eequence U»l- libnrin were plrted 

•-^•n&SEl ^^«aTpUte,^U-pNA-« 
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with Iv-TIATP T« P&^^^Sctt 
condition, were 1 " »*«P«/'»> ■S^talfpH 7.01. 0.1% SDS. 
Hndiuin chloride. 0.03 M •odium ^"^"J?^^ „d 0.1 
■nd 0.7% .odium pyrophoiptau. > J. f *£„toL^ f \^ « 

pyropho^tat.. «nd ^^£^^£^%«iicl** <>»P 
/•Mill fragtnwtt ofthe >»»«" eD £A- C oni»rtirt-A 2*-kb 



2W37 




„ (aM ng. of . ip» 

it 95 «C for 3 mln. ^ 

37 -C. lb* nurture w» «^ ™«m r»eMt*ed i*h taoptopyl 



alcohol. reeutpended In formemwe, 

of the S'-noneodtoi region ^ ^^JgSLu, -i to -21 
pru»e«. ^.^^oSSTS)^ ^^Staer 3). -» 
(primer 1), -189 to - " V.^-St inrf™«r SI -828 to -797 (primer 
to -227 (primer 41. -667 to ^«*™2to»«S farthem mafic. 
6). and -856 to -M0 ( ^^: ^S^r^nprte-d boon 
were ehber rinilMtmnded DN A demed V^J^w ^ne* of 

theeequenceattbt 3' end of won * ^ rSl" ££. PCR^m- 5'-fl»lun« repon. PCR5» S^^TjncT 1 mm. for 40 acta* 

roMftto. 



the^nST«t*e 3' end of w on l^^*^™^^^ 
tr«iKrl|H^.dige^wWhfto^^ cloned in 

procedure, were ligeted ^ D ^J^T»^u^n7i thWpwt 
1^^^.^^^ « *• — 1*_ 2 

•P 1 ** "Jf.. „, rnc . cWb-Ptosmid DNA from the gene fusion 
Transftctunof ^ ' ectrifugitkm wee ueedtotrw 

coiMMurt purified PJffJ" Mm bTtbe DEAE-dextnn eo- 
fect «IU '^^^^ThVp^^Tw without 
pmcipiUtkm rnelhodw f^^^Kbmne. from COS 
the in«ert tt> u»«d /"."^r^^wwith or without the human 
cell, uemtfecttd •» J* I^^SJ!! ABtametet cDNA, 
a.rAR rL ft '^l^S^re^» (»> S Wtei with verlou. 

definition ofcl«n«l«nd 2^^*^ RNeee btoek 11. 

dithiothrertol ^"2^^^ Jofe«ch dijerted tempUte 
.nd 50 ^Ci of l«-Tiy™J?Tu^^ oH ^ 2 
in • buffer conuimnt 40 m»t Ti^m^°v= e«eept UTP were 

Spermidine, end 60 ^J^J^^nT^T^ <*> 
B to. final concentre^ ^M^Thet^ reJttion ,„ 

U> 25 »a with ^y 1 '^^^!^^^^^™- (for done 1 1 
inhi^ed by odditton of ?"^ 2 T^£E£ 37 'C far 90 



RESULTS 

CioniM of the Human a iB -AR Cene-To obtain tbeifrw 

on the hamtw «tr AR .■"'f^ 1 ^ mA mm 
eever.1 done, were i^l^ ^ bo^ >3«ri» «dwer. 

wbiected to rertrictkm A 2Mb ^~^Tl» 

-ojienced in both -««» R ^_?2S!l b te^ 
bomolofou. to the ^ r "'^ ^pS^e^th 
runted in the coding region at the end ot tor ^^net 
t^embnne region by an *™2l^%ZZZ!Zm 
•Munieed paitially «t the ewm/iiition w»W ZZLlak 

concluded that the intion u not. 5^^^,^ 
longett clone th«t w*. -oUttd Jhe v«*oa * "^^^ 
t^Swever. thi. done did not «mteintl* re*ofti*c«iini 



21938 



Human am-AR Gene 



being recognired by the degenerate ""s^o^P^r" 
the highXre. of dmitarity between the pr^.«nd^ort 
.tretche. of nucleotide sequence, withta ^ 
when the genomic DNA fragments from tbt ctenM that 
expended to the oligonucleotide probe. *™ ^jj** 
ftaZm hint analyala, auheloned. and h *™r 
Ung eeqoence. were till within the intron. To «rwrcomeJh» 
pVoblenCUM Sou3Al library was screened ajdn rtsao*mU 
K*ncy (2 x 88C, 66 'Ci with the 3' 220- and 480-bp 
fr3«UobUin«l by dige.ting the ham^r a.^AR cDNA 
wtehft*Il. The two PvuU DNA ^^^J*?, 
nucleotide pcdtlon. 1020 to 1228 and from 1228 £"88* 
the hamster cDNA done, respectively 16). The fragmenU 
iSrSJmVthe coding region 3' to the sixth t™n.memb«n« 
region and thus should be homologous to the 
M^uenee of the human clone. Several clone, we^denuned 
b/thh approach, and aU of the clone, were identical by 
^McTwuig and Southern blot aiidysis. A 2.7 -kb 
Km fragXnTthu. Identified w» subclonjd Into 
pBto^ptwT and sequenced in both directtons. This frag; 
SnTIonSined exon 2 a. well a. 1 kb of .Uh^6 
end and 1 kb of sequence 3' to theccAng re^onJ^ngert 
clone identified in this manner has a 7-kb intron sequence 

upttream of won 2 (clone 2). 

Structure of the Human a tr AR Gen*-Fig. 1 shows the 
genomic organization of the human a 1B -AR. The gene con«urt. 
of two exon. separated by a single long intron of at least .20 
kb. The esonZtron boundary follow, the «mjen«» spUc. 
Mquence AO/GT and is situated after the tot base of the 
cXi«iicating a type I spike ph-e («). J*"*"""** 
the donor and acceptor sites of the intrc^exon b^indarie. 
match closely those of the consensu >«V^ <^™i 
cowtauof the coding region that ^™% n ^j££ 
the putative «xth tran«nembrane domain. Exon 2 
theWoTthe coding region a. well a. 
region. There are two potential polyadenyUtion s^ 1 " the 
^wmcoding region. The .equence. of the putative P°»y»*'- 
nyK^Snalsare identical to those found to the hamster. 
Thepuutivetignal TATAAA, rtarting 263 baae. dxmnrtream 
from the stop codon. has one mismatch to the eramns 
AATAAA sequence. A second putative sequence, ATT AAA, 
rtarting 492 be*, dowwtream from the rtop *■* 
one mismatch to the consensus sequence. However, ATI AAA 
i. the poryadenylatkm dgnd in the hanwter (15), and clucken 
lyMzyme genes (24), and in the mouse pancreatic a-amylase 
gene (25). 



A. 



Fir.. 1. Schematic of the genomic 
orcealaatkm of the human oirAB. 
I'anrIA, rent rid ton map of the gene. The 
tine repreaenting the gene i» interrupted 
at the location correiponding to the gap 
in the intron. Exon. are indicated by 
tulid bum. Rectriction rite, are indi- ||. 
rated by vertical line*. Panel B. detailed 
restriction map of the coding region. Pu- 
tative cyclic AMP retpom* element and 
polyadenylation »ite» are indicated. B. 
HarnM; K, KcoMx K. Kpd: N. N<*h * 
/Ml;.S, Uf!iOliX.XM. 



To determine whether the clones conuining ewn 1 and 
exon 2 overlap in their Intronic regions, several expenmenU 
S Permed. First, a 2.1-kb^W-BomHl f = ^m 
the 3 r region of clone 1 was used as a probe to •«£« on J * 
containing clones. None of the ex<»n 2j^ta^clon«ihy 
hridlred to this probe. Similarly, a flOWm BnmHI 
Som^h.5' endof clone 2 failed to hybrid! » to «yrf^e 
clones containing exon 1. In agonal studies^ "M**J 
cRNA nrobe. derived from the 3' end of clone 1 or the 5 end 
ofXr^r. u*d to determine the V™™«™**»Z 
region, between the two .ef of clone. ^J^*^^ 
ex^nl.re^ectively.rWufrom^experi^^catrf 

that none of the exon 1-containing clones <"»»ffl* ™* 
the exon 2<ontaining clones. Finally, when Uu genomic 
library was rescreened with a part of the intron derived from 

clone 1, .11 of the positive "^^""^Z^oTZ 
1. Reeereening of the genomic library with a fragment of the 
intrpTderived from done 2 ah» identified only exon 2- 

IS Acid Sequence * '^"""^^AR-V* 
2 ihowi the nucleotide sequence and the deduced amino acid 
IS^ot the human a.n-AR. The sequ^ trmulate. . mto 
IX. 517.«mno acid polypeptide with. 
66 777 Da. The equence I. 2 amino acids longer than those 
of the hamster (16) and rat (26) «,„-AR eequences. There are 
four sitoHbr potentid AMinked gelation at the ammo 
Sn«Tof ttoprotein. A hydropathy plot 
DuUUve transmembrane domain. (Mquence. underlined in 
V£ V. which are the hallmark of tte 0-protem<c^led 
receptor superfemUy. A. with several *her mernbem ^oftt» 
family, there is no signal r^ptkle sequence .n the nwlecule. 
The human a, B -AR sequence U higWy homotogou. totho* 
of hamrter. rat (26), and dog (27) ^nce. J* 
Uon of the human a.a-AR aec^ence with that ofthefcunrter 
reveal. 98% homology at Ita mntoo acid l ^ d ^J^", 
tity at the nucleotide level. Comparison of ^ -noncoding 
regions between the two sewiences reveals a 76%homolc«y. 
ThV differences in the amino acid 
different specie, are mortly re rtrlcted to the c«boxyl-term^ 
nd cytoplasmic tail, which for rhodopBin (28) and the fi-AR 
(29). has been implicated in **m«itf*ation- 

Trantcription Initiation Site and AnalyM of the 6 -Noncod- 
big Regum-Tht 5^noncoding region of the human a,irAK 
gene contains nucleotide sequence, consistent with donor 
SleoUde. -841 to -834) and acceptor (nucleotides -207 
to -198) splice sites (Fig. 4A). suggesting the presence of a 
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i,. 1^. l^j S*r 7b> Thr U^j^LMj^U 

s If ==ss 5 = = i s i s i = iiiiiifi 

<;AA CCC TTC t .7 CTC TTC TCT ^ v>1 Tyl 

5iu fro Ph« T» U> u S« ?~ ^ »lv '^."Z "! I*! LlJ. u XT FIT M"" T~ ^ 

CrC TAT ATA CTC CCC AAG AGA ACC ACC A£G «CCT* £C CCA CCA CTC ATC A*- ^ 

-cc aa-. r.*c :tc ,cc ct- a^ a., .a. -c ^ « ^ ^ ^ ^ Ly- AU tyj 
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fi ; v H.. P« Ar* S« S« ^ Al. V.^l ty, L« ^ ^ ^ _ ^ ^ ^ ccc „ ^ „^ 

r-C CCC ATT CTC CTC C. A.C " , I, Uto Pro \An C- 

"V"" r "r"r"-"1" CCC C7G TTC WC CTC CTC TTC T=C CTC CCC Tf^ TTC t*- 

- £ - ^ * - g^^- g;^-^^-- 
a^ZZZSZZZ n: s: s r, ^ - - - - - - 
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c,. CI-, cy. »«, Cly I.., »», *r, *r; »xj A^, Xr, Xr, ^ ^ ^ ^ ^ ^ ^ 

.cc ccc ccc ccc rcc crc «c ccc rcc exc tcc ccc «c « tcc ^ ^ ^ j>r ^ _ 

n., A.-, Cly c»» s.r ^ - ^ ^ ^ Z T» CTC ccc ccc ccc cc, «. «. 

a-..- ccc »-x c/*; cor. err. ..cc t^c .« tc- c c c(y Mi ?io ?ro ? „ 

C.y S,. «n Xr; 7^ Pro S " "* ! " ^ ^ « c\ « C« C« CCC OT * « CCC 

OTC CA= C» TCC CCC ™ « « TCC »C « CCC C« ^ «C CTC CTw ^ „, ?r . P „ 

v.! r..„ i. U cy., Al, P.- Pro Clo Trp Ly. ^ ^ „ „ „ «C * « BC W « « 

r J: c>: CCC CC C.V TCC ccc ccc crc ... ACC TTC cu ^ r ?rc 51y 

, y .v. ... «r ^ - ^ ^ £ £ «c «c ^ ccc ccc ttc ^ 

,,c avc ccc c-cc cc «c «._- c-a ^ ^ ^ o c , y elJ , ,„ cl y -T* 

z r4 - - ^ ~ z — 

^ ^. r ^ L*- Ali. ?ro Cly Cln ?^« E/yi ^ r ^'^9«7799«9»9r?>^» < ? ct -^ r " ::T ' 
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»ci ■.v-t.!'! v. 
the vipsi 
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:.;',on. To ;nve^i^ ii" the humar. 
,.- f;r > i n ;'rK- 5'-pontodin>-z region, 
riou^ sc- r .- of ririir.erp. u^inn *r ; t.h*r 
red from '.vinan lioan mP.NA or. 
0R1 fr^i^n-^v c: the -ene. ^vhi<:h 
treair. re-ion. The rt5\:i:s o: thes- 
::.f Ok.' 5'-nonc;od:n^ rs^ior. of tnc 
nuon. Thus, yfir.?: dln^e-slranded 
A, or.iy FCR with primers 1 and It. 
■vr l^nci-'., i G-dG, : V. 3 arcs 



c.n-ain 3n ir.tron. Additional evidence against the P«s- 
e-eofan intron -efindingthat J^^^ 

-\ ind Dnrr.er? 1 and < . ana . an-., o tuo nui . _ 
' T1-. 'transcription initiation site(s) of tr.e human «; S -^ 
-e-^'-c determined bv primer extension analycs us.ng 
hlinan polv^A'l mRNA prepared from four ^^.^^ 
bK in kidnev. neuroblastoma (SK-N'-M) ce,ls (kino., pro- 
hv Dr' K. P. Mianema«. Emorv- Univers.ty. Atlanta). 
:^"-c'rrvorPa (HS248.7) cells (ATCC). As shown ffl>* ••»."• 
^ potential starts were obsened in «^ 
v; drav fr. which a sir.sk start site v-as observed. One of >**e 
^ located 173 b? upstream from the translation s,a.. s.-.t- 
cic-iv identified in ail tissues tested (Fig. oA 
'•"-firrr. the existence of sauhipletraavrintwn imv.stion 
.'. 7j».;, ce p.-t.--c:icn assflvs were DerforrriCd .. syr.^r.-.-... 
^r.V'^.^-dVdunles corresponding to nucl-tides -:49 :o 
-jl-: a:-.n oontainsr.s .^'Ri arid Bsn n ijites . 
..=\;t>c:ive;v. -.v.ip .vjhcicucd into piilue^r.p: ■ 

:v,thc^w csh;c T3 end T7 RN'n ?o,>^cr.^o^ .v. 

--=--.ce c: -'S-rATP. Rf diolabelpc cRNA y.T= a ' 
.p . 0 . n ; SNA. :tnd esces? pro'-"* ' Vi5 -' : c:??? - -^ v "'t" 
'^bTnation'of RN^ A and T, The rwuitani ?r^-^ 
> x s - « _ .. r ; , ^ vr - £r . j ;>.-.:od u ? inp a -/ ' ^ " ' ; 1 ■ ^ »■ ■ ■ * - s • " : ' 
:^Xu:oMdi^:>hv. Scve^i RNA hnnd ? ^,r;> v^:n : p .v 
-ic-icd .wcies (Fi;:. .-3 J. consent ^.i): * 
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Human KSFDL?\ jitNTSATAJO'SEU.NANFTfll'NCTS 5N5TLFQLDITRM SVGLVLGAF I LFA I 

Ha»»t«r 0 O V 

P*t HO V 

Cog 



Muster 

Dot 



Hat 
Dog 



VCH I LV I llvl 7NRH1ATP7HKF I VNLAMADI.LLSFTVLPFSAAJ.EVLCYKVLCR I FCD J 120 



120 
23 



S ■ !. 5 IX A I S D» Y ICVR Y S '-CYPT jVTRRyiA 1 IALLSVWVLS7V1 "J I CP 130 

S 180 
c 83 



Hui»n LL^r^PM'NDDWlCC^/TEErFYAiFSSW^SFY IPLAVIL'/MYCRVY IVAKRTTKNLEAG 240 
Hamster Y s 240 

Y S iAJ 



Rat 

Ocg 



rT.E! 1 *.SN£X£I.TLR; HSKNTHEOTLSiTKAKCKNPRSS IAVKLFKFSP£KKAW(TLGI VV 300 

300 
203 



P. it 
Doq 



Do:* 



" ~. .' r^pLcS pppAVFT,n.YHLGYFrlS(XMPI : YPCSSF^FKR/tl-V 360 

M 360 

L SO 323 



r. 



£A>PSPGY^RGAPPPVTLCAFPE>T^ 480 

Hiaat<ir g^ 5 ? J i * cdp 477 

£ AAJP V V AP P* 0 R * «« 3 

511 
515 

417 



Human E5 PGT^JVSNC<KEPR-KVANCK3rCrKSMlPLW»GC»' 
Hamster E EGO Sfl C DATTDL S AH 

H«t <-*- SH G DTT-wL - C » 

^ , o r A rtPAFDA T A O 



-«*23 

.761 

-71)7 

■ frS.l 
-599 
-545 
-491 
-137 
083 
-329 
•275 
■22\ 
-167 
-113 

-w 
.5 



OTW cc««=c W ,-«=eert.«t«^..»«.ce«»« ee « ee " 1 

,acac,,aa,,.9t9« t *g=g9g9««»— ^ C '«' CC ""'" 
tqqg t^ccc q c,, t ctcc.=,ccc.,, t <S3^^3113-«-«^ t 
c< £c^«ntaa.wt,.ce« W ?«c,,c,o M ,«< J ,«,,=««<.r.... 

tq ,c C cccc„ctt<,c TC „ t , g c g ,c qt c gq „ct g c g , q c,tcctt q ,=t,<, 
,cc=,c.tt,ccce«»,t,=e,e,c,g.9tc«999cgcc,,9Ctccece,cct 
fl «^«,cee,t„^e^e=»^.^«ct=»tt,.^»9«eetett 

cacc,c=,„c,ccccc,==tccccccc«c=tcccc t cc,c t c=ccc,c W c 
cc„cc.,gc q c,ctcct 7 «,t„ e cc.«.. 1 .ctt„-»,«,cc< ) cctc,tc 

cee tc«etc«ceVect^^ 

C ,cctct a ,9a.9"9«c=»C99999«9C.«9t«c»,99«9Ct,«i99»9= 
cttc,c=,«,ccctt«qa,=cc..tc.«eccct:„ct. i g,^E^=t 

ct»*g ATG AAT CCC 

. c 

, , j 4 5 « r » » 10 11 




Fu; Alignment of the deduced amino acid sequences , of 
the human, hwnster (15), rat (26), and canine v 2,) «m-ARs. 
Arrino icids that are different from the human in .,t least one of the 
S are indited. Ga^ are introduced to optima the alignment. 
Putative transmembrane domains are grimed ^/"^f^' 
lioman numerals. The canine sequence is from a partial cDNA clone. 
Th7do«ed line in the canine sequence indicates the missing ammo- 
terminal sequence. 

multiple transcription initiation sites. The start sites deter- 
mined bv the RNase protection assay span iiuCiCuuul-s 1 « . 
to -i'l" when tl.e migration of the protected products was 
cc-np-uad with a sequencing ladder obtained using singie- 
.T. ,.. .,; r>V \ 

~ V-unirnnslflte.d region (924 bp) contains neither a 
TAT\ box nor a CAAT sequence. However, in this region, 
th»™ are several potential Spl binding sites and a putative 
cvcMc AMP resnonse element (Fig. 4A). A putative cyclic 
A VP response element lies 264 bp upstream of the proposed 
'rr'e^ transcription initiation site and has the sequence 
TGVTGTCA. which has a single base mismatch (indicated 
with an asterisk) to the consensus sequence (31). 

A .Sir*/" Transcript U Recognized by Both bxon 1 and Exon 
■ '.-..WtK-:-! blot anrlvsis performed using the gene fusion 
cr sT. : ;t. identified an approximately 2.8-kb message in dif- 
fered ti^ues (Fig. 6,. The size of this transcript is slightly 
i,"~-Pr' -ban that of hamster message (2.6 kb) (15). Similar 
:„U,«** .'2.3 kb) vwe also ider.tir.ed in humor, heart 
hy North-n hybridization, when either exon 1 or exon 2 was 

"'"tv"'' -ai\i-v/.« ^ by a Single Gene-Human 

was digested '•ndividually with ci;;ht different 
n- ■'v.-Pt'-. hloueo. T.-.d probed v.-i'h cither exon 1 
-| ~. , r i; fragments observed w:tn 

., '.„", , ,• ... >* •••eir.s encoded by a 

'"/w,.,,,, ,-.f ••/.vr if ;v ''.T t"0.>-/ Celt — 

■:\ c""u!d not i« obtained despite repented scrcen- 
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ner.c-.ii 



r. h-.-art cDNA !ibrar>- and since primary positive 
■•'i t'rom :-u"h .-•'■reenini; did n::t peneraic "CH 



Fig 4 Analysis of the 5 -noncoding region of human a, B - 

AR gene. Panel A, nucleotide sequence of the S'-noncodjng regjon 
c' the ",,,-AR gene. Numbers are relative to the adenosine of the 
initial ATG codon. Potential Spl binding sites are boxed. A potential 
concensus cvdic AMP responsive element .s Oal,caed 'n Wrf. Pi ; 
P^ed ma or'transcription initiation site is showr i w^ha «Jg «^ 
-'".■v> Other transcription sites are mdicatea with solid circles. 
Boundaries of the potential intron are -p^^^. 
The nucleotide sequence of the synthe .c duplex used in RNase 
nrnleclion exyeriments is oixrlined w.lh a aaxnea line, ranei a, 
'ih rna'col'The analyzed region. The horizontal /ine represents the 
V noncodinp region. Th* dosed box represents the codmg tegjon/The 
verbal arrow represents the major transcription initiation site deUr- 
mined bv primer extension. All other transcription imtiat.or. sites 
™'" -i-.L P v,,. w h primer extension and RNase protection assays 
are^trVam'to his position. The restriction site Smal used to 
cMrarte be the PCR products, is shown as a vertical line with the 
eu ITs b low it. The heavy line represent* the region corresponding 
o the synthetic duplex used in RNase protecfon assays. Homon^ 
* ou» with numbers represent the location and d.recti< ,„ c^r.mers 
used for PCR analysis. Panel C, analysis of PCR P r0 . ducU ^, C ™ 
performed with different primer combinations as desenbed under 
"ExSental Procedures." Plasmid DNA (containing the 2 o-kb 
S' gene fragment that includes 1 kb of the S'-Hankm^ ^« or 
,in-le-*tranded DNA derived from human heart poly(A ) mRNA «as 
u"ed in the PCR reactions. Undigested (-) ana Smal-d^ ^sted +) 
PCR oroducts were subjected to electrophoresis on 2-5/c Nuseive 
Lakem-agarose gels. Lane 1. molecular »*?ht ««*ndar* Uhe 
positions of the 123- and 246-bp standards are indicated^ I«w ..3. 
n 7 '0 urn! "CR products obtained usn.R p.»-—"- — — 
UmpuZrtncs •/. 5. 8. and .9. PCR product, obtained u. S ng«n B Ie- 
;?™nl?oH nNA as tcmolate. Primer combinations used in the 
PCR reactions are indicated. 

fragments of the expected sizes, we elected to splice together 
the bvo exons and express them in COS-1 cells to deterrn.ne 
if a functional ffl ,rAR is encoded by the gene fusion construct. 
.'Fig S) The inabilitv to isolate a human copamineiLK rec.p- 
i-jr cDNA bv greening of sc-veral cDN A libraries ar.v, «y usir.g 
thn PCR technique has been reported (13). Fusion o. a part.a 
cDNA with part of the gene to express a functional product 
I,-,* been reported in the case of ether ™ receptors w.,. 
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Fir. S Determination of the transcription start site(s) of 
the human «,.-AB gene. Panel A primer ™f ft 

of oolv(A-) mRNA from human brain (lane 1). k.dne> (lane £), 
eiomvoma cells 'lane 3). or neuroblastoma cells (tone 4) was used n 
he annCis A "P end-labeled antisense primer corresponding to 

y, , MUr^i em iron, doe 1. Several different potent.nl transcnpt.on 
^ ia ion" i "a ^..dent with all reactions. One site located 173 bp 
; » from the translation siart site as indicated 
c ommon .0 all four tissues. The nucleot.de sequence > f 

sh.vn Panel H. RNase protection assay. 100 «K of iota'. KM irom 
: : cblos oma (lane 7) or leimyoma (tone 3) was hybrid.zed for 6 h 
, t 7--C to radiolabeled cR>- which was obtained bv m i.lro 
rtniription of a synthetic o< nucleotide duplex correspondmE to 
"eot des -149 to -213. Lane 2, control hybr.d.zat.on w.thout 
it NA. The mixture was digested with RNases, and the resulting 
' *t . A.™ent= were •• i.lya.1 by electrophoresis on a 6S u.m 
... ■ :,ri , , nradiofninhv. Th. size of the protected raiments »as 
1 .Aincd -cm a simultaneously run DNA sequenemg indner. and 
% approximate migration of the fragments relative to markers 180 
)„, uostrtam from the initial ATG is shown. 
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i-ir 6 Northern blot analysis. 2.5 me of P*' A *' 

>L the human tisucs indicated below was load* per ton 

. r • wiehvde <"\ was was-hed twice wr.h 10 X fehU ana .ran. 

presence Ot 0 x bbi 10 SDS.andO/^o sodium 

z^r^^rtiz ;^t^NA si, 



■ v ,,v „.,... \R fusion construct was trnnrfeeted into 
.-'.^ - c-il= the rcll* exnressed a functional receptor v,,th 

.".V ' c ';r?or.t : .- :1 in rp : .;p ••!'?"■■■•'> p:<presrfO 

• |: .,-,-.0 =;r.=:n= — J-"- ,•„,, rnn k order of 

^'^-^ n>n<i s ««* xvit *! J c 

:.' ., r „ .; e <J r.-cep;o:5 indicates that the receptors are o. the 
n .: ;^blc !> and not of the or -,,-subtvpes .for, a 

r ,:;: :aw „ f h\^z p.-***** «f ,hese vanous " :,, ' AK 
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oi/j-^/i Gene 

subtvpes see Rrf. 20). Thus, for agonists the J^S 
order is oxymetazoline > (-(norepinephrine > 
nephrine > methoxamine, and for antagonist* » P^'" > 
WB4101 > phentolamine > 5-.,.ethylura P >chl > yohimbine - 
propranolol. 

DISCUSSION 

, ne gene trial encodes tne human <r,„-AK nas oeen .souuiu 
and its structure determined. The coding region consists of 
wo Sons that are separated by a single large intron , d £ 
least 20 kb. In the absence of overlapping genomic clones the 
exact size of the intron remains uncertain. Among the G- 
prSin Coupled receptor superfamily, the rat substance P 
5, gen" has introns of comparable ^T»«*SX 
ntrons in the rat substance P receptorare lo 
If the location of the introns is compared, the pos.t.on ofrt* 
intron in the human a,«-AR gene .s un.que (Fig. 9 . It appears 
hat the intron/exon boundaries among the various G-pro- 
S-coupled receptor genes that contain introns j-JJJ; 
ably conserved among receptor ^fainihes^All of tihe^bce 
sites in the different opsins ^re conserved (Fig. 9). beverai oi 
he spHce sites are also conserved among the genes for tachy- 
Sinreceptors, as are those for the dopamine receptor genes 

^SlSXiU. we were unable to isolate an a, 3 -AR 
cD^rS a human heart cDNA library by either conven- 
7mS ^nir.ss or by PCR amplification. Iuabiaty to isolate 
compiet SNA. has led others to develop cDNA-gcne fos.on 
coXcts to express different G"P«^-«^ "2?£ 
(13 ?2> A 163-bp PCR fragment corresponding to the se 
SncJ from exon^ was successfully isolated f^m the humar, 
heart cDNA library as well as from single -stranded cDNA 
p epared from human heart poly(A*) mRNA (not shc^). 
This provides evidence that the human « 1B -AR gene is tmr, 
scr bed in the heart. However, mRNA corresponding to exon 

of its high GC content and j^^J^jg 

within the exon (Table U,. — "Tronelv 

exon 1 from the human gene as a probe, several strongly 
positive clones could be identified in the W««J ° 
the cDNA library (20-30 positives/10* plaques) performed at 
ervtgh stringency (0.1 X SSC. 70 X wash). Howe^ when 
these putative positive clones were piatea «or secondare 
screenmg, the signal intensity became very faint, and b> the 
next round of purification, the hybridisation stgnal was tot^l> 
S Although it is difficult to ascribe the reason for tms 
Lhenomenor^ T, one possibUity is the number of imperfect direct 
reta "found in exon 2 (Table II). -Analysis of the human 
3aP coding sequence reveals that 386 bp out of the toUrf 
£d£ Zenith o ff JB46 bp (or VZ) of the g«o« - ^ 
repeats. Similarly, 33% of the human dopamine D4 
occurs as repeats, and neither traditional screening nor PCR 
wal s'ccessS in isolating cDNA clones ,fcr th.s receptor 13K 
On the other hand, the rat « lir AR (20) has ' only ^ ^ 
:on..on.ce as imperfect direct repeats. P«^J»^J*S 
^^tkive seouence, have been shown to be lethal for several 
3? and are often removed by deletion, forming crucrform 
statures, or bv a DNA slippage mechanism . danng noBoto- 
ius Combination events (33). RepetH.« DNA fences 
which can potentially form hairpin loops, are «>es»»d vo 
Sfa role hTgene regulation (34) and in :he term.nat.on of 

transcnption initiated b> R ^ A ^ e ^ U ,e retardation of 
n\A Qcouencos are also implicated \uv 
SihTbacteriophages (36) and plasmids (37). Tins ^d 
^lain. at least in pan. our inability to is^te t DNA 

clone by conventional screening or b\ 
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Human um-AR Gene 



Kir.. 7. Southern blot analysis of 
the human a,»-AU gone. 10 pii of hu- 

,. , . on ,. T;1 i r ->\A wa« di 'rested v : :h the 

- '• ■ ■ : ro '•; --uMii . 7' >bp A''V?i- 
BamHl fragment derived from exon 1 
{left panel), and <ii> a 1.7-kb /VM frag- 
ment that included exon 2 and the V- 
noncoding region {right panel), Lane 
numbers indicate the restriction en- 
7.vmes used to digest the DNA. Lane J , 
Sct-I: lane 2, Pvulh lene 3. ftrtl; ton? 
K'pnl: lane 5. Hindi II; lane 6\ EcoRI; /one 
7. /^/M; lane 8, flam HI. Numbers on the 
U-f- rpfer to the DNA size markers. 
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- lone of interest. Alternatively, 
,; -noncoding regions may be 
.ilate the cDNA clones since 
e fusion construct, consisting 
Id he readily propagated in 



that apparently contained the 
sequence:- in the 5'- nd/or 
responsible for our ina* Kty to 
the pla^mid containing * T "* 
of > :he coding region. 

in * - - ' ce of a cDNA for the t v 1B -AR, wo have developed 
a nu- oer of different lines of evidence to indicate that exon 
1 a- exon 2 are indeed part of the same gene. First, there is 
the nigh degne of homology between the human sequence 
and the hamster, rat, and canine om-AR sequences. In fact, 
even the 3' -noncoding regions of the human and hamster are 
conserved with 76% identity at the nucleotide level. It is 
believed, based on comparisons of members of a gene family, 
and of a given gene in different species, that although coding 
regions evolve slowly, the noncoding sequences (i.e. introns 
and verv often 3'-noncoding sequences) evolve much more 
rapidlv (23). Second, expression of the gene fusion construct 
In COS cells produced a functional a,»-AR. The expressed 
r..-r -r\ ri H . r. pharmacological profile that is essentially indis- 
tinniichable from that of the hamster a : n-AR clone (Table I). 
Third' is the identification cf similar sized transcripts in 
hunv-sn heart and other tissues by both exon 1 and exon 2 
J-.f. Fourth, the intron/f?xon boundaries are likely correct 
sir*':e :h? sequences in the region match closely with the 
consensus sequences 3round the donor and acceptor splice 
site?. The nucleotide sequence around the donor she T*G/ 
■IT'NAGT (whore the slash represents exon/intron boundary) 
/ ." ' base mismatch (indicated with an asterisk) to the 

^us sequence AG/ r TAAGT C22. 37). Similarly.^the 
...zv.ce near the acceptor site CCCTCCCCA*CTGC/*a*A* 
(where the slash represents the intron/exon border) also has 
a f ingle base mismatch to the consensus sequence {C/T)n 
NCAG/G i3Si. The extreme 3' end of the intron is pyrimidire 
rich « A2 r ; » which is a general feature of the sequences near 
th" 'Mid of an intron (23. 33. 39). Furthermore, the branch 
point >isnal sequence TACTAAC occurring 20-50 bases up- 
stream from the 3' splice site, which is highly conserved in 
V pn sr ri,an tl nd . .-akly co-^ervf-d in mammals (39). is repre- 

TAf'TC'A'V. and occur- 52 ' > r .''' ups»r* am "rum the splice 

... ir - " v l J K . sl r . M m t .< ■••yr.ce i'liii. 'me Iwo -XOi'i> lOrm 
„ . .'..v;»^e p;:nes fr^m studies based on K"R ampiifi- 

r;i:;f);i >y : r. m;. In these studies. smsNvsiranded DNA pre- 
. r ,....-, ■., ;n , in p.-. ; ,r- m»?\'A «?? "-c! a «emp ; a!e. The 



primers used corresponded to the sequences on either side of 
the splice site. The sense primer (5' - gaattcgaattc cacaacccca- 
ggagttccatagctgtcaaactttttaag-3') (Eco'Rl sites were addea at 
the ~5' end to facilitate subcloning, and are underlined) cor- 
responded to nucleotide sequence 817-855 (Fig. 2). The anti- 
sense primer extended from nucleotide position 1102 to 10uo 
(o^ aagcttaagctt gcactggcacccgaggatgcgcacgaaagcgcgcttgaa-n 
(HindlU sites were added to the 5' end and are underlined). 
The 284-bp product obtained by PCR was subcloned and 
sequenced to reveal an identical nucleotide sequence at the 
end and start of exons 1 and 2, respectively (Fig. 10). 

The lack of a TATA box upstream from the origin of 
transcription is not unusual. Several genes are known m 
which TATA boxes are not present in the upstream transcrip- 
tion initiation site. Such TATA-less genes can be divided into 
two classes. One class comprises housekeeping genes contain- 
ing mainiv GC-rich promoters (40), with several transcription 
initiation sites spread over a large region and having several 
potential Spl binding sites (41, 42). The second class have 
neither TATA boxes nor GC boxes, and they are not consti- 
tutivelv active (41). The nucleotide sequence around the pu- 
tat've transcription initiation site in the human oi B -AR gene 
is rich in GC content, and there are several consensus Spl 
binding sites. Primer extension analysis suggested several 
transcription initiation sites with a predominant site located 
173 bp upstream from the translation initiation site (Fig. 5A). 
Multiple transcription initiation sites were also identified by 
RNase protection assay (Fig. 5B). In several respects the 5'- 
r.oncoding region of human a,»-AR gene resembles the re- 
cently characterized dopamine D, A gene (30). Similarities 
between the two genes include a high GC content of the 5'- 
noncoding region, the lack of a TATA box and CAAT box, 
the presence of several Spl binding sites and multiple tran- 
scription initiation sites, and the presence of a single intron. 
However, in the Di A receptor the intron is in the 5'-noncoding 
region, whereas in the «m-AR gene the intron is in tnc coding 
region and is very long. Although there are consensus se- 
quences for donor and acceptor splice sites, which may indi- 
cate the presence of an additional intron in the 5' region of 
the «in-AR gene, the RNase protection, primer extension, 
and PCR studies using nested primers showed conclusively 
[hat th^re is no additional intron in this region. Analysisjof 
the .V end of the p«-AR gene (4) revealed putative TATA 
boxes that are poorly conserved. The closest approximation 
r tata », P v i- the hv:mar. AR cer.o has h?cr, reported 
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3. Primers IcrPCR 

v-amfliiBfi^ ATGAATCCCGACCTCCACACC o 

r -OACCCATCGCWGAACTACCCACATCCCCKA-S- 



ECOPl 



J,™ 



CCC CTT 

l^aaac'tawewtw TAC TTA---- ^ -pko leu 

k . r // CCC CTT 

mi S<?Ccaec A.G >AT GCC GAA 

2C99 t 9 9 TAG TTA " pRQ ^EU 




SLfe tec tic ttc 

*** jut3 t? s» lcu Vut ew- — — 

4T 



3. 



tcc ttc rrc tcc- 

XCC A*C MC ACC- 



-// -wt9<**23£S££» c 9 c 



^T4 0NApo*rmrasa 



SE* LCO PHE SO* 11 



. T4Ucase 



(modified) 



aLftttr^CCJCCATG AAT "cat CCC cHlfe *GC AftC- 

EtoRl kotsk MET ASH— U 



« s ion S was cioncd into pBlue*cr.pl KS and used » ' ™p ^ ^ ^ „ 2 ^ the sequences are 

. represented by the dotted hue. and the 5 -nonccri n ^ 10 ; ion presented in upper case fetters ^ ?/ endof the sense 

reg ion a, the transition g^^^^SStoSSnS acid sequence, is shown p e rinler ^ the 

.•eorcsented in lower caw ift/ers. 1 he correspon p consensU s sequence ( italici:ed ) for translation! 01. followed 



, * t_ irr A a or rTAA (4 5). The consensus frequence 
™nTCT I" «h^n on™n» ipt io„ «„ reph.ee .he 
tItA ^ («.«>• H«w«.t. « do no. find any .0 

, - occurs at or near the purati\e irans- 

in; ron/exo n sep,ra ;; . ^ intron , exon orga „ iz8 tion 

" '. 0 v,W rV-vPrsltv of vanous C.-prole.n sub- 

or/the other us\ i« is surprish* that 



nnrv .tudies indicate that the hun*n •^tJL^tteo" 

intr on at the .ame 

W)int. thai n : -AK ?uox>i^> *vi ^ 
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Tahi.k I 

l>hGrmrxnloxic«! characterization of the expressed human t . w .-/Wf 
COS-1 cells were transfected with pMT2' vector eontaimnR the 
human „ IB -AR S ene fusion construct (Fig. G> ^.^T^^ 
cDNV Mock tranfections were performed with the vector without 
the insert. Membranes prepared from the tWected celts were 
in.Wvd wiiR the ir.-AK antagonist f Hjpra/.osm in tne presence ui 
■,h«enee o: inorv^in* concentrations of various antagonists or apo- 
nUi< Hv«i\U *hown are the K, values determined from the competi- 
tion <tudips as described (20). Values shown are the means of at least 

two experiments with each ligand performed in duplica te. 

Human «.„ gene Hamster 
Lipands fusion construct "ih-AR 



Agonists 

(-)Norepinephrine 
(-f)Norepinephrine 
Oxymetazoline 
Methoxamine 
rtn •■;ri>*.> ..i'- 

WB4101 
Phentojamine 
5-Methylurapidil 
Yohimbine 
(-) Propranolol 



1 : 
106 

0.11 
495 

,.00 

64 
1..W2 
15,690 



1.9 
131 

0.12 
619 

0.o:> ' 
6.P7 

:?9 

70 
1,003 
9,190 
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I ntron 



spliced mRNA (heart) 



Single Mninrfcd DNA 
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PCR 




T4 Ligase 
pBiuescripi KS 



Subcloned 
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K-c u Comparison of the intron/exon boundaries Oi some 
of the G-nrotcin-couDlcd receptors that arc encoded by genes 

cr.n :- ; \<Z inT?ns. The human rt „rAR gene is compared with 
OJ \. ■ »jp cou^ or * rp/ * D ptcr <ien?s containing i" irons, mc.Uoing 
the r?t substance P receptor (9), human opsins (14). human dopamine 
D t i'ii ar/* (P* receptors, and human tachykinin receptors (10. 
1 iV Transmembrane domains are shown as dosed boxes. Intron/exon 
br.unJ ri^s are indicated with arrows. The penes represented are: , , 
. ' ' rat dopamine D ■ receptor; rat dopamine D* receptor; -J, 
human dopamine D« receptor; 5, rat substance P receptor; 6. human 
op™ and 7. human neurokinins I and 2. The law arrow in the 
dopamine receptor pene indicates the presence of an a.iernate splice 
s:U.\ 



Tabu: II 

flirrrt imperfect repents of nucleotide sequences found in the coding 



The h: smart r>ni 



r»*ffion o/ fnr human « /H -.4/? gene 

:cd usins the Com- 

r -p™-' .ir* nMicropenie to identify direct repeats. The parameters 
v-,'.-' ' o :" c dir-ct repeats we/c a minimum length ot 2-> nucleotides 
M «ir a 70'; :n«ioi. No inverted repe^ w-re founu i?t 
:'■ ' ■•' r ;:u;*?r.cv. 
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FiG. 10. Exons 1 and 2 of the human u.j-AP. gene s=™jj * 
single mRNA. A schematic of the gene is shown at the top. The 
discontinuous hatched box represents the intron Pressing the 
mRNA (horizontal line) involves splicing together the two exons after 
^emUl of the inrron. The splice cite is shewn as a vertical Une, 
Polv( V) mRNA from human heart was used to make single-stranded 
DNa using murine leukemia virus reverse transenptese and an 
olWo(dT) primer. The resulting single -stranded DNA was then used 
for^PCR with two svnthetic oligonucleotide primers corresponding to 
the exon sequences on either side of the splice site (see ' Discussion 
for dtails). The resulting PCR product (bottom left: lane / DNA size 
ma ,u r f cne <> ^94-bp PCR product) was subcloned into pBluescnpt 
and sequenced to identify the splice site (indicated with asterisks ;at 
bottom right). To rule out the possibility of contamination jiuring 
PCR with the gene fusion construct contained in pMi 2 uig. 
different combinations of pMTj' -specific primers and a,u-AR specific 
primers were used in parallel experiments with either single-stranded 
DNA obtained from mRNA, or with the gene fusion construct.. Only 
the expected sized products were obtained with each set of nested 
primer s , thus excluding contamination. 

that encodes the human « 1B -AR. The gene is unique among 
the members of the AR family by virtue of a single long intron 
that separates the coding region at the end of the sixth 
transmembrane region. A gene fusion product constructed 
with exons 1 and 2, when expressed in COS-1 cells, produces 
a functional « !B -AR. The deduced amino acid sequence of the 
human « IH - AR is highly homologous to those of hamster, rat 
and canine a 1B -ARs. The gene apparently lacks a TATA box 
but possesses several potential Spl binding sites around the 
proposed start, site of transcription. Characterization of this 
gene will now permit studies on the regulation of a, B -AK 
expression. 

.XcknrrvMpmrnis-W'p thank C. A. Boehm for mRNA preparation 
and for ti«:ie culture and Dr. S. Kamik for valuable discussions, v\ e 
HoP for tvpin:; the manuscript. The hamster a, B -AK 
— . :;;nd!v Provided bv Dr. C. E. Scidmcn. Harvard 
Medicnl School." WeThank^Dri Tsens-Crank for sharing unpub- 
lished data on the human o : r-AR gene structure. 
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